Stroke is a leading threat to human life and health in the US and around the globe, while very few effective treatments are available for stroke patients. Preclinical and clinical studies have shown that therapeutic hypothermia (TH) is a potential treatment for stroke. Using novel neurotensin receptor 1 (NTR1) agonists, we have demonstrated pharmacologically induced hypothermia and protective effects against brain damages after ischemic stroke, hemorrhage stroke, and traumatic brain injury (TBI) in rodent models. To further characterize the mechanism of TH-induced brain protection, we examined the effect of TH (at ±33°C for 6 h) induced by the NTR1 agonist HPI-201 or physical (ice/cold air) cooling on inflammatory responses after ischemic stroke in mice and oxygen glucose deprivation (OGD) in cortical neuronal cultures. Seven days after focal cortical ischemia, microglia activation in the penumbra reached a peak level, which was significantly attenuated by TH treatments commenced 30 min after stroke. The TH treatment decreased the expression of M1 type reactive factors including tumor necrosis factor-α (TNF-α), interleukin-1β (IL-1β), IL-12, IL-23, and inducible nitric oxide synthase (iNOS) measured by RT-PCR and Western blot analyses. Meanwhile, TH treatments increased the expression of M2 type reactive factors including IL-10, Fizz1, Ym1, and arginase-1. In the ischemic brain and in cortical neuronal/BV2 microglia cultures subjected to OGD, TH attenuated the expression of monocyte chemoattractant protein-1 (MCP-1) and macrophage inflammatory protein-1α (MIP-1α), two key chemokines in the regulation of microglia activation and infiltration. Consistently, physical cooling during OGD significantly decreased microglia migration 16 h after OGD. Finally, TH improved functional recovery at 1, 3, and 7 days after stroke. This study reveals the first evidence for hypothermia mediated regulation on inflammatory factor expression, microglia polarization, migration and indicates that the anti-inflammatory effect is an important mechanism underlying the brain protective effects of a TH therapy.
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Introduction
Stroke is a leading cause of adult death and disability in the United States and around the globe (Go et al., 2014; Murphy et al., 2013) . Despite advancements in understanding the pathogenesis and cellular, molecular mechanisms of stroke pathophysiology over the last few decades, thrombolytic therapy with tissue plasminogen activator (tPA) and endovascular recannulation are only FDA-approved clinical treatments for acute stroke. Due to the limited therapeutic window and hemorrhagic risk of tPA, only b4% of stroke patients can be benefited with the thrombolytic treatment (Shobha et al., 2011) . Therefore, therapies that can benefit more stroke patients are urgently needed.
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Abbreviations: ANOVA, analysis of variance; BBB, blood-brain barrier; CCA, common carotid artery; Iba1, ionized calcium binding adaptor molecule 1; IFNγ, interferon gamma; IL-1β, interleukin-1β; IL-6, interleukin-6; IL-10, interleukin-10; IL-12, interleukin-12; IL-23, interleukin-23; iNOS, inducible nitric oxide synthase; IOS, intrinsic optical signals; IP-10, interferon-inducible protein; MCP-1, monocyte chemoattractant protein-1; MIP-1α, macrophage inflammatory protein-1α; NT, neurotensin; NTR1, neurotensin receptor 1; PIH, pharmacologically induced hypothermia; TH, therapeutic hypothermia; TNF-α, tumor necrosis factor-α; TTC, 2,3,5-triphenyltetrazolium chloride; TTM, targeted temperature management.
